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rii;or:n:ri{*,  studies  of  tf:c  processes,  connected  with  th»  vin- 
; ;  i  i tv  of  mieroorgnnisns  constitute  part  of  the  Most  important  tasks 
v/  ,*»  lurch  Jo  logy  and  biochemistry* 

;  Thu  purpose  of  our  pres ent^ work  is:  a)  to  study  the  processes 
'•f  -'jrs.vtli  end  development  of  the  Egcilius  snthracia;  .  b)  to  cr.t^.b- 
M  '  liui  f-uanti  tVrtive  compaction- between  the  partial  (fractions i) 

;  of  oxygt-.n  and  the  inlcnsivity  of  growth  and  spore  1  for:%6-  • 

tivn  or  the  Microbe  and  also  .  c)  to  determine  the  character  of  the 

\  • 

:.ivro';cr.  exchange  during  thy  cultivation  course  of  the  microbe  In 

.  :fie>l  nutrient  medium,  r>  - - 

-Hhori,  The  nicrobial  culture  irac  groVn  in  enzyme  {fer- 
.)  hydrolysate  according-  to  Hettinger ‘s,  In  dilution  1:9,  con- 

•  :  .in;,  110  to  IPO  mgS*  general  nitrogen  and  39  to  lj.0  rag#  amino 

•  ci  .r,;  ph  of  the  raediwn  equa lied  7*?»  using  the  method  of  deep 

-  ration  with  the  recirculation  of  the  aerating  air  and  siriultane- 
ly  rrallel)  under  conditions  of  an  aeration  "upon  exhaust"* 


O 


(?} 


*  •  •  * » * /  0  \  »  j  .  ' 


Figure  1  shows  the  l*»b<»r:\tory  scheme  of  the  In3t?nrt.j-.»r*  u's-r 

'■.•••*  .'S',  ‘  •  *  •  • 

of  the; microbial  culture.  The  suspension’  of  sprrvs 

g^i^iv.vt^crnai^'  strain  of  the  Microbe  (571  strnin),  rt  the  retie 

‘4$^- ’v-'-'- '  •  ■£:-•{>*• -i  *•••  •  •  • 

-.0*  10  millions  per  1  iil,*wa»  used,  ns  seeding  materiel,  The  Icj- 

:  '  ■  ■ 

.  ^rnturc^  r«‘JnU?ined  curing  itu&  cv.  llivvtion,  v.;s  3''r°.  The  s;ced 
'tof  tire  \cir  ny.chantie,  r.cu:  rc<:  in  ll.e  cuiUv  tor  nt  the  ratio  Cf 

1'  liter  all*  ;;:-r  1  li ter  ■  Medium  it?  cr.e  minute, 

.  *  •  *  % 

Ourimj  the-  proi-inc  of  uhc  Microbe  In  the  culture  under  recir¬ 
culation  ccr.ii tionr*  of  the  gas  phase  at  that  st;  *jc  of  the  process, 
»*h<.n  the  concentre  lion  of  the  vcgelJlivi;  fern?  of  the  culture  hey 
rtjched  *.nc  sire  of  the  order  0,1  milliard  cells  per.  1  ml,  then  the 
cultivator  tiros.  scrubbed  (washed)  with  the  aid  of  pure  oxygen  until 
the  analysis  shovrec  the  content,  of  oxygen  (90  to  ?£*)  in  Ui?  gas 

»•  ;  .  i  *  • 

p-v-vt;  thereafter,  the  .cultivation  process  was  continue:!.  The 

losses  of  oxygen,  which  occurred  during  the  mentioned  process, 

were  compensated  (In  the  cultivator)  by  the  addition  of  pure  ga;, 

from  the  gasoiacter,  Ammonia  gas  and  carbon  dioxide,  Isolated  d-rinc 
•  •  •  .  . 

t'nc  process,  were  caught  in  the  scrub  flasks,-  containing  solutions 
•of  the  respective  absorbents. 


r  m 


Figure  2.  babcrrtory  instc  1  let  Kn  for 
growing  cultures  of  nicrol-.ru  ^ndcr 
conditions  of  recirculating  t W 
acratJvc  nir. 

1*-  Cultivator;  79  foam  catcher;  3  and  i’r. 
scrubber  flssks  (washers);  *>.  circulation 
pump;  6.  yasoiActcr;  7«J  sample  catcher; 

B;  9,  10.  filters. 


Toe  oxygen  amount*  used  in  the  process ‘of  cultivation,  as 
11  s  that  of  ammonia  end  carbonic  acid,  produced  during  the 
-  *  ;•:<.*  ?f  the  process,  were  established  during  each  experiment. 

centrifugation,  the  content . ef  the  general  and  amino  nitrogen 
Ir.r  liquid  phase  os  well  as  .that  of  nitrogen  in  the  microbial 
lie  (bacilli  and  spores)  was  established  in  samples,  which Were 
periodically  from  the  cultivate* .  The  beginning  and  end  of 
relation,  also  the  relative  content  of  spores  In  the  culture 
s.  controlled  by  means  of  micrescoping  the  smears.'  The  concentra- 
of  the  microbial  cells  in  the  culture  was  determined  by  the 
v’./.-i  of  seeding  on  ayar. 

The  growth  and  sporuiation  of  the  Bacillus  anthrac is  occurs 
r.'.iderobly  more  intensively  during  its  cultivation  in  the  atmos- 
:rc  of  oxygen,  than  in  cases,  when  the  culture  is  aerated  by 
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Existence  of  the’ 
culture  (In  hours) 

figure  2.  Dynamics  of  the  development 
of  the  microbial  culture,  grov;n  in 
oxygen  etmospherc  and  In  air  atmosphere* 


Data,  concerning  the  norms  of  oxygen  consumption  during  the 
cultivation,  evidence  the  decrease  of  the  energetic  standard  of 
the  process  during -the  aeration  of  the  developing  culture  with 
air  (fig.  3)*  \ 
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Figure  3*  Dynamics  of  the  consumption 
of  oxygen  during  the  development 
of  the  culture  in  the  oxygen  atmos¬ 
phere  and  in  the  air  atmosphere* 


it  mu3t  he  emphasized  that' the  intensity  of  the  consumption 
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oxygen  by  the  developing  culture  starts;  to  decrease'  et  the  instance,5 
v/hen  the  process  of  rticroorgcr. ism  (bacilli)  sporulation  begins;  it'  \ 
continues  to  decrease  until  accumulation,  of  spores  in  the  culture  > 

occurs,  consequently.  It  is  obvious,  tha,tr  mainly  :o>cygen  J 5 'heeded  ; 
'during  the  vegetation  period;  this  requirement  decreases  consider¬ 
ably  (almost  completely)  during  the  state ' of  nhvsio logical  r.r. *•  *:  lag. 

The  quantitewe  ust-a,  indicating  the  accumulation  of  carbon 
\  •  •  * 
dioxide  and  ammonia  above  the  grov/ing  culture  during  the  gas  phase, 

prove  ..that  the  beginning  of  the  transformation  of  the  character  of 

the  era  exchange  occurs  during  the  transition  of  the  culture  from 

a  •  • 

one  state  to  another,  qualitatively^  different  state  from  the  pre¬ 
ceding,  namely  into  the  state  of  sporulation  (table  1). 

*  '  •  x 

Tnble  1 

Changes  in'  the  character  of  the  cos  exchange  ■  ‘  .  ' 


-v.--rvu.ipt  ion  and . 
liberation  of  gases 
(mg?) 

12 

!  .  •  .  ?4. 

36 

>6 

60 

Utilized  02 

68  • 

22b 

;  360  . 

460 

1*72 

Liberated  C0.> 

17 

40 

75  • 

112 

160 

•  -n  * 

l*  .  •  >»V«U  i<n^ 

• 

0*15 

0.50' 

1.7 

3.7 

6.1; 

iemark:  Beginning  of  sporulation:  at  the  lj8-th  hour* 


According  to  the  teble,  it  is  obvious  that  though  the  consurap- 
tion  of  oxygen  procticelly  stops  at  the  stege  of  sporulation,  how-  • 
ever,  the  production  of  carbon  dioxide  still  continues,  whereas  the 
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llhcrr lion  of  mki or.ia  r»*r.oh.:r.  Its  5'lchect  nor;,r-  rfuriiv,  .l':-  1*  r.t 


$r^tar,cs  of  the  process* 

-  ,  *r-  . 

Tel: i hr  into -cons  Seem  lion- the  fact, 'that  ft  Quit*  large  amount 

**9i7r\  %•-,  ••  '  ■ 

v/{oif  ftw::ionif-  re. a  the  in  the  substrate  in  c  fix*’-:*  stnte,  or-r 

.  Jr  vr  «  '  ■  *  »*  • 

si-'jiy  .rsr;t:r.Ki  tn:*L  ftccunu lft  tier,  of  [inorcrnic]  nitrogen  (mineral  for::) 
in  til-.  :,**tricr.t  midiur:  Is  the  connecting  factor  ret-..'fc*n  thlr.st *•»;.« 
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Figure  Ij.*  Utilization  of  protein  (albumin) 
nitrogen  and  accumulation  of  ammonia 
nitrogen  In  the'  process  of  growing  the 
microbial  culture. 


The  mineralization  of  the  protein  (albumin)  substrate  precedes 
the  uporulr.lion  [Begin  p.  itf}  of  the  vegetative  ceils.,  Sporulction 
.•jins  at  the  point,  when  in  the  indium  the  ratio  of  the  protein 

t  ' 

r.r.d  miner?  1  forms  of  'nitrogen  changes  end  the  predominance  of  the 

•  ,  #  ■ 

ruincrcl  forma  becomes  obvious.  During  sporulatlon,  the  utilization 


(*:  ;  i •**» t« -* i n  nitr^fen  is  .corjpletriy  discontinued^  The  nitrogen  ;; 
'.v. taacr  our i n:j-  the  course  sof  cult 1  vat  ion'?  is  shown  In  ’ 


f  .  •  • .  .m***  *•••■.-  •  tomc  •?•<.  • 

Imvce  df  n’itro  -cr.' durlr.c  'ra  ittvntion  , 


Transferase?  Increase  of  Content  o 

in  nitrogen  (imi)  a:»,nonla  nitrogen C£)  .  nitrogen  •  lif 

. *  ' . . . ;  ;  T  Cells,  'res'" 

i  •  Including  In  the  In’  the  in  SJ>ofes I«83& 

esfllries  •■  liquid  phase  gas  phase 

_ _ : _ _  •  _ _■ _ _ »  '  •  •  :  ,'j‘S 
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rased  on  the  data,  Shown  in  table  ?,  It  is  evident  that  during 
the  siege  of  vqaetfitive- multiplication  ftaclllus  ar.thracls  utilizes?; 
ev lively  5  small?  amount  of  amino-acids,  and  that  it  develops;; 
r lnontly  on.  the  recount  of  the  destruction  of  -  more  complicated 
in  cowl ex*s.  This  proves  :•  gain  the  high  proteolytic  r-ctWlr: 
:.J of  T’;  c.i  1  lur.  antbrrc is,  it  is  worth  nO ting,  that  in  respect 
•to  the  content  of  n I troger.  ’( end  ash)  the  analysis  of  spores  and  . 
vegetative  cells  did  hot  show  an. essential  d iff ci-cncc  between  them', 
»ln  the  light  of  the  detected  peculiarities  of  nitrogen  nutri¬ 
tion  and  gas  exchange  in  the  anthrax  microbe,  there  is  reason  to 
expect  a  more  definite  explanation  of  the  conditions  needed  for  the 
formation  of  the  spores.  Ordinarily,  these  conditions  are  known  as. 
starvation  conditions1’.  If  wc  would  still  use  the  ment  ioned  ter**  : 
.'.inoio-jy,  then  the  expression  "starvation  conditions"  would  j»»ca;n_  .... 
•..othinsJ-isc  but  mineralisation  of  the  medium  of  the  microbe** 

•  -t-  ’ 

i tat,  that  means  neither  exhaustion  of  the  nutritive  medium,  nor 
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he usinc-up  or y •  for  vegetative 

■  (>C  '  V  1  ‘  ■*'•  .*  •'../  *  ;f  «•***»'.•  •  » 

rpvtft,  ^iSentiv/: the  enryrS^  ?ystc»,  U»c  tt^iviUcs  of  which  ere 

•  ..••••  'v.  . •  .". 

• '  '•■♦.•■:•. 'Or.*  •  .-•*  .*••'•  .  ...  »-■  v  '  •  *  . 

c  1  r.c tl i rcc ted  toward  the  protein  iraiWi'i-i  ;•  is  arrested 
.  v;i:er  the  mineral lent inn  of  trr  protein  :eedl\a-  (the  transparency 

or  i'  cell  protoplasm  In-;:: ,;&sco  under  the  mentioned  conditions) 

*,£*.■•*  *  • 

:  ic*  •  *  :*  certain  •,**«-•  •  '  •  ’  %  '  *' 

•  .  .  .**■  ...«•: 

iV,c  poorer  the  rntdium  of  protein.-  substances  was,  the  faster 
l:>r.  r  i-'cive  equilibrium  occurred  in  the  medium  between  the  protein 
*:inrrni  forms  of  the  .nitrogen;  it  was  followed  by  the  predomi¬ 
nance  of  the  letter*  The  mentioned  balance  of  the  two  nitrogen  . 

,  .  '•■  -..4 *>&■■  ■ 

forms  cannot  be  achieved  by  growing  the  microbial  culture  on  a 
.-•.;:diur:  rich  with  protein  substances*.  £s  well-known,  In  the  letter 
case,  spans  la  tion  is  completely  absent,  because  not  finding  the 
conditions, ...necessary  for  the  transition,  into  the  next  state,  the 
ccllr.  arc  taking  involutions ry  forms  end  start. to  degenerate* 

The  phenomenon,  mentioned  above',  could  be  eliminated  by  chang¬ 
ing  artificially  the  nitrogen  compound  of  the  liquid  medium,  thus 

i  .fiur.hcJno  the  process  toward  the  gelatin  direction* 

■  .  ■ 

*  7Ut  cultivation  of 'microbes  In  an  atmosphere,  enriched  with 

yr.cn,  opens  new  opportunities  for  the  intensification  of  the 
;.r*.ccssc-3  of  growth  end  sporulctlon. 
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